The region of Western Balkans has been inhabited since the Paleolithic era and was the route of the spread of farming from the Middle East to Europe during the Neolithic era. In the present study, Y-STR data from European populations have been used to construct median-joining networks. The study was performed using Whit Athey's Haplogroup Predictor, Y Utility and Network 4 software packages to predict Y haplogroups, construct networks, perform clustering of closely related Y chromosomes and calculate time estimates between individual nodes. The results of the study imply that geographically close populations cluster together at both Balkan and European levels. It was observed that an elevated number of study populations and individual haplogroups increases the possibility that individuals of different ethnic background cluster within the same or neighboring clades of network. Subsequent time estimates, performed based on the mutation frequency between the ancestral node and its descendant nodes, revealed that I2a haplogroup within the Western Balkan region has the most compact clustering (age, estimated at 3109 years), followed by Hg E1b1b which has the second most compact clustering (4896 years). The obtained results are nonetheless in accordance with previously published research investigating the frequency of Y haplogroups based on Y-SNP variant frequencies, indicating that Western Balkan countries are mainly represented by I2a subclade (average for six countries 32.3%), followed by E1b1b and R1a (average for six countries of 21.5% and 17%, respectively).
Introduction
The area of the Balkan Peninsula has been occupied since the Paleolithic, and the Neolithic migrations spread across Europe from Anatolia through the Balkans (Bosch et al., 2006) . Western Balkan populations contain several major haplogroups that are spread throughout all Balkan countries with some countries having a higher percentage of a certain haplogroup. The four major haplogroups in the Western Balkans are I2a, E1b1b, R1a and R1b, with I2a and E1b1b being the most abundant. The inclusion of a significant percentage of R1a and R1b within the Western Balkan populations confirms their historical intertwining with the other populations of Europe (Rosser et al., 2000; Semino et al., 2000; Barać et al., 2003; Marjanović et al., 2005; Dogan et al., 2016a Dogan et al., , 2016b . I2a1 in Southeast Europe is one of the main male lineages inherited from European Upper Paleolithic Y chromosome that first appeared in the western Mediterranean region. Hg I2 is the most common paternal lineage in the countries that constituted former Yugoslavia, as well as in Romania, Bulgaria Sardinia, and in most other Slavic countries. Lineage E1b1b, representing the migration from Africa into Europe, appeared in Africa and spread to North Africa and the Near East during the late Paleolithic and Mesolithic periods. Hg R1a branched of R1 during or soon after the Last Glacial Maximum (LGM) and contributes to the growing evidence that the area of the Balkans has been inhabited as one of the European refugia during the LGM. It might have originated in Central Asia or Siberia and spread from Eastern Europe to India. Finally, the oldest forms of R1b are found dispersed from Western Europe to India and it is the most common haplogroup in Western Europe. R1b in Balkan probably has a slightly different origin than the one in the rest of the Europe and it is currently considered to be associated with spreading of the West-European or Iberian Y chromosome to the Balkan Peninsula (Semino et al., 2000; Battaglia et al., 2009; Primorac et al., 2011; Varzari et al., 2013; Šarac et al., 2016) .
The usage of Y-STR markers to predict Y haplogroups is a relatively novel approach in population genetics (Athey, 2006) that uses one or more haplogroup assignment algorithms to calculate the probability that a certain haplotype corresponds to a previously characterized haplogroup. This approach is faster, less labor-intensive and far less expensive when compared to the standard haplogroup identification procedure utilizing Y-SNP markers (International Society of Genetic Genealogy, 2015) . Therefore, the aim of the present study was to perform in silico haplogroup assignment from Y-STR data using Whit Athey's Haplogroup Predictor and to construct median-joining networks for clustering of closely related Y chromosomes. In that way, the present study intends to prove that selected high-quality haplogroup assignment algorithms can reproduce the results generated by Y-SNPs in terms of Y haplogroup identification and that genetic relationships between the populations can be elucidated using a representative set of their Y chromosomes.
Materials and methods
The data used in this study was PowerPlex Y23 allele frequencies for 12 populations including Bosnian-Herzegovinian, Croatian, German (from Bavaria), Irish, Italian, Macedonian, Polish, Slovenian, Spanish, and Swedish (Purps et al., 2014) . Furthermore, the haplotypes of Montenegrin and Serbian populations were used over 17 Y-STRs (Mirabal et al., 2010) . A total of 1815 samples with 1721 unique haplotypes had their haplogroups predicted from Y-STR data by using Whit Athey's haplogroup predictor (Athey, 2006) , which offers results of haplogroup predictions in percentages along with fitness scores and the percentages shown indicate the calculated probability of a haplotype belonging to a certain haplogroup. Out of the total number of samples analyzed, 1127 were from the Western Balkan populations which included 1033 unique haplotypes (Table 1 ).
The median-joining trees were generated using the Fluxus Network 4.6 program (Bandelt et al., 1999) . The post-processing option was utilized as it calculates all the possible variations of the vectors which can be generated in the tree and selects the optimal one, while visualizing all the other possible trees generated by the algorithm (Bandelt et al., 1999) . From the mentioned Y-STR datasets, 443 haplotypes were used in the network analysis. The original population datasets contained, on average, 143 unique haplotypes per population, but in order to obtain a clear median-joining tree, 15-20 haplotypes per population which corresponded to a certain haplogroup were selected to be analyzed. Different haplotypes were selected based on the haplogroup being analyzed. The selected individuals had a positive identification of their haplogroup. Also, only major haplogroups that were assigned by the Whit Athey's haplogroup predictor were selected for network analysis while minor ones were excluded. For creating the median-joining tree involving only the Western Balkan populations, ten loci were used, namely DYS393, DYS390, DYS19, DYS391, DYS439, DYS389I, DYS389II, DYS458, DYS448, and DYS456. The relative time estimates for clusters of interest were also calculated using the Fluxus Network 4.6 program (Bandelt et al., 1999) . The relative time estimation was done for the purpose of precise evaluation of network analysis tree compactness which shows the similarity between the haplotypes within that particular cluster when compared to another cluster of interest.
The respective mutation rates for each locus used in network analysis were obtained and their sum was calculated. Finally, the obtained result was multiplied by the number that would generate one mutation per X number of years. The X number of years would then be multiplied by 25 as it represents the generation time. The X years obtained would be inserted in the program which would then calculate the relative time estimates.
Results and Discussion

Haplogroup distribution
According to the Whit Athey's predictor, the countries from the Western Balkans (Bosnia and Herzegovina, Croatia, Macedonia, Montenegro, Serbia and Slovenia) have four major haplogroups, namely I2a, E1b1b, R1a and R1b. Lastly, among the four haplogroups analyzed in this study, the least abundant haplogroup R1b, has the following percentage values for the Western Balkan populations based on Y-SNP typing (Battaglia et al., 2009 ): Bosnia and Herzegovina 4%, Croatia 12.4% and Slovenia 21.3%. According to the present haplogroup assignment study (Figure 1) , comparable results were obtained.
Western Balkan network analysis of haplotypes from the four major haplogroups
The clustering in the Western Balkan network analysis tree is gradual, indicating a degree of similarity between the haplotypes despite prediction that they belong to different haplogroups. The clusters of I2a and R1a haplogroups shiow the most proper organization, which can be expected due to them being the most prevalent haplogroups in the Western Balkan region. Haplotypes predicted to be E1b1b haplogroup have also clustered with the haplotypes from the same predicted haplogroup. However, according to Figure 2 , there are instances where E1b1b predicted haplotypes do have instances where they cluster with the other major haplogroup clusters, such as I2a cluster. The R1b predicted haplotypes have the lowest compactness in their clusters which is to be expected as this is the least abundant predicted haplogroup within the Western Balkan populations ( Figure 2B ). On the other hand, clustering pattern of Y chromosomes on the basis of the population to which they belong, is far less definitive and sharp transitions between the countries, as well as population-specific clusters, cannot be observed (Figure 2A ).
This clustering, as mentioned above, was done using ten Y-STR loci. The reason for this is that some loci are highly uninformative with low levels of polymorphism in the study populations. Furthermore, using too many loci causes excessive tree branching and the similarities within the haplotypes difficult to visualize. According to the work of Zhivotovsky (2001) , the summed mutation rate for the used ten loci for the Western Balkan network analysis trees is 0.031456, which was further used to calculate the time estimate values of haplogroup generation in years. Time estimate calculation has shown that the I2a haplogroup within the Western Balkan region has the most compact clustering which is shown by relative time estimate value represented in age of 3109 years, followed by haplogroup E1b1b which has the second most compact clustering out of the four major haplogroup network analysis trees with the time estimate value of 4896 years.
The study of individual haplogroups in the Western Balkan region
In order to better assess the haplogroup distribution in the Western Balkan region, individual network analysis trees have been generated for every major haplogroup. In Hg I2a network, there are two minor branches which indicate a certain degree of difference between these haplotypes and the ones in the main cluster, despite this haplogroup having a highly compact network and relatively similar haplotypes predicted to belong to this lineage (Figure 3) . The E1b1b network analysis tree does not have as compact cluster as observed in the case of Hg I2a. It has 2 subclusters which contain mainly Montenegrin and Macedonian haplotypes in separate subclusters. The Bosnian-Herzegovinian haplotypes are the most scattered within the E1b1b haplogroup network analysis tree, while the rest of the network can be considered relatively compact (Figure 3 ). This observation might indicate that the B&H haplotypes predicted to be E1b1b have notable differences between each other when compared to haplotypes from other populations.
The R1a haplogroup cluster has a very high variance rate and does not have a compacted clustering pattern when compared to the previously discussed I2a and E1b1b haplogroup network analysis trees (Figure 3) , which was found to have further implications when this haplogroup is analyzed in the broader context. Within the R1a network analysis, the most scattered haplotypes are the ones from Macedonia and the same conclusion can be drawn as with the B&H haplotypes within the E1b1b haplogroup network analysis tree.
Being the haplogroup with the least haplotypes from the Western Balkan populations, the R1b haplogroup network analysis tree has a relatively high variance degree and is not compacted when compared to the I2a and E1b1b trees (Figure 3) . One notable characteristic of this median-joining tree is the higher degree of clustering between the B&H, Montenegrin and Serbian haplotypes.
European network analysis trees
When six new European countries (Germany, Ireland, Italy, Poland, Spain and Sweden) are added to the network analysis trees of the Western Balkan populations, a new insight into the study results is obtained ( Figure 4) . As already seen in the Western Balkan analysis tree, sharp transitions between the haplotypes from individual European populations is not easy to observe ( Figure 4A ). It is also observable that, out of four major haplogroups in the Western Balkans, I2a and R1b have the most compact clustering with other European populations ( Figure  4B ). Such clustering pattern of Hg R1b is not surprising, considering that R1b is the most or the second most abundant lineage in all six European populations studied in this analysis tree (Table 3) . Furthermore, an R1a cluster with Western Balkan, Polish and German populations was formed (percountry data not shown). This can indicate that there is a significant degree of similarity between the predicted R1a haplotypes from the European and Western Balkan populations. On the other hand, the E1b1b predicted haplotypes were the least likely to cluster with the other European populations ( Figure  4B ). This analysis was performed using eight Y-STR loci as it is easier for the program to visualize the similarities and differences in the generated tree if a higher number of populations is analyzed. Semino et al. (2004) performed a similar network analysis using five Y-STR loci and analyzing subclades of haplogroups E and J based on 36 binary markers (Y-SNPs). Their median joining trees showed very compact clustering among most of the subclades, further showing the usefullness of median-joining network analysis for the purpose of haplogroup distribution analysis. Two other studies (Zerjal et al., 2003; Rootsi et al., 2004 ) also performed network analysis on haplogroups of interest but with different approaches. Rootsi et al. (2004) focuse on European Hg I and displayed the Balkan clustering among the European populations. The study used six Y-STR loci for generating the network tree with haplotyes with a frequency >1 in that set of populations, which yielded clear trees and an informative network about the relations of different haplogroups but not relations within the haplogroup clusters themselves (Rootsi et al., 2004) . The other study (Zerjal et al., 2003) used 15 Y-STR loci for generating a very detailed median-joining tree of the haplogroup C distribution among the Mongolian population. Using the same set of samples, 16 Y-SNP markers were also analyzed to perform initial haplogroup assignment and assess the accuracy of the haplogroup prediction from STR markers. In contrast, the current study used ten loci for the network analysis among the Western Balkan populations and eight loci for Europe-level population clustering and obtained very informative trees. This reduction of the number of loci enables the creation of clearer clustering of major haplogroups at the expense of the intermediate haplotypes clustered between the major clusters being invisible.
Conclusions
The Western Balkan area is found on the crossroad between East and West. Hence, many attributes and aspects of many cultures are blended in this area. As this and many other studies have shown, the Balkan area is genetically very diverse. According to the present results, there are four major haplogroups in the Western Balkan populations, namely I2a, E1b1b, R1a and R1b. Depending on the haplogroup in focus, the level of similarity between the Western Balkan populations is different, but in general, the Western Balkan populations can be considered relatively similar to one another.
The haplogroup assignment algorithm used in the present study has proven its reliability by being in agreement with previously published data on the haplogroup distribution in the Western Balkan countries based on Y-SNPs. However, it should be noted that Y haplogroups are identified and defined according to specific mutations and that Y-SNP analysis is the ultimate and final way to classify a certain Y chromosome to a specific haplogroup. In order to optimize the usage of a particular Y-STR dataset for network analysis, it would be ideal that multiple haplogroup predictors are used and only haplotypes with full concordance between the predictors are used for further studies.
